A recent article in this journal reported the nucleotide sequences, the predicted amino acid sequences of the proteins, and the evolution of the mitochondrial cytochrome b and ATPase proteins and genes of the honeybee Apis mellifera (Crozier and Crozier 1992 Beyond the specific question of the number of conserved regions in cytochrome 6, these issues have general relevance for the analysis of protein evolution. The basic approach of my original study (Howell 1989 ) involved dividing paired and aligned amino acid sequences into blocks of 10 amino acids. For each sequence block, the MDMT8 substitution matrix (Schwartz and Dayhoff 1978) was used to derive a substitution score for each pair of amino acid residues, summing the scores for the block and then normalizing this raw score to that predicted for perfect conservation. The normalized scores for all blocks in a comparison were summed, and both the mean score and standard deviation (SD), for the entire length of the paired sequences, were then calculated. A region of the paired cytochrome b proteins was defined to be highly conserved if the normalized score was > 1 SD above the mean. This approach was developed so that, for any pair of homologous proteins, a quantitative definition of sequence conservation could be made-one, moreover, that was relative to the conservation of the entire amino acid sequence. The use of other scoring matrices gave similar results (Howell 1989). Crozier and Crozier ( 1992) used a moving window of 11 amino acid residues and, assuming the noncysteine amino acids to be assigned to six groups (French and Robson 1983), scored for evolutionary conservation.
A recent article in this journal reported the nucleotide sequences, the predicted amino acid sequences of the proteins, and the evolution of the mitochondrial cytochrome b and ATPase proteins and genes of the honeybee Apis mellifera (Crozier and Crozier 1992) . Overall, this report is a sound and relevant contribution to the field of mitochondrial genetics and evolution. However, I could not fail to take particular note of one of the main conclusions as stated in the abstract: "the proportion of conservative replacements between the inferred Apis and vertebrate cytochrome b sequences shows the two highly conserved sections reported by Howell, but his recognition of five conserved regions is not well supported" (Crozier and Crozier 1992, p. 474 Beyond the specific question of the number of conserved regions in cytochrome 6, these issues have general relevance for the analysis of protein evolution. The basic approach of my original study (Howell 1989 ) involved dividing paired and aligned amino acid sequences into blocks of 10 amino acids. For each sequence block, the MDMT8 substitution matrix (Schwartz and Dayhoff 1978) was used to derive a substitution score for each pair of amino acid residues, summing the scores for the block and then normalizing this raw score to that predicted for perfect conservation. The normalized scores for all blocks in a comparison were summed, and both the mean score and standard deviation (SD), for the entire length of the paired sequences, were then calculated. A region of the paired cytochrome b proteins was defined to be highly conserved if the normalized score was > 1 SD above the mean. This approach was developed so that, for any pair of homologous proteins, a quantitative definition of sequence conservation could be made-one, moreover, that was relative to the conservation of the entire amino acid sequence. The use of other scoring matrices gave similar results (Howell 1989) . Crozier and Crozier ( 1992) used a moving window of 11 amino acid residues and, assuming the noncysteine amino acids to be assigned to six groups (French and Robson 1983), scored for evolutionary conservation.
To compare my approach with that used by Crozier and Crozier, the sequenceconservation plots for the cytochrome b proteins of honeybee versus mouse and of honeybee versus spinach chloroplast cytochrome bg proteins are shown in figure 1.
The mean f SD sequence-conservation scores were 0.57 + 0.30 (38 segments) and 0.27 -I-0.35 (35 segments), respectively. As shown in table 1 of my original publication (Howell 1989 ) , the corresponding scores for comparisons with the cytochrome b protein of Drosophila yakuba were 0. 80 + 0.16 (36) and 0.32 & 0.28 (35) . One immediate result is that the cytochrome b of honeybee is more dissimilar to the mouse protein than is that from Drosophila, although both the Drosophila and the honeybee proteins show approximately the same amount of total sequence divergence from the chloroplast cytochrome b 6. The sequence-conservation plot for the pair-wise comparison of the honeybee and the D. yakuba proteins was very similar to that of the mouse/honeybee comparison (data not shown). A number of additional points emerge from the data shown in figure 1. In the comparison of the mouse and honeybee cytochrome b sequences, the overall shape of the plots is similar to the plot given by Crozier and Crozier ( 1992, fig. 5 ) that compares the honeybee and Xenopus sequences. In the mouse/ honeybee plot, there are eight "peaks," which correspond in position with those in the plot given by Crozier and Crozier, although the third and fourth peaks are fused. For all eight peaks, the corresponding sequence-conservation scores are above the mean value. There may be a small, ninth peak near the C-terminus of the protein, a feature that is also present in the plot given by Crozier and Crozier. However-and this is the key point-only the two largest peaks at approximate amino acid positions 160-180 and 280-300, as well as the peak at 230-240, have sequence-conservation scores that are > 1 SD above the mean. Therefore, when the criteria set forth in my original publication (Howell 1989) are used, only these three regions would be classified as highly conserved. The original conclusion that there wereJive highly conserved regions was based on pairwise comparisons of the mouse cytochrome b sequence versus those from six other species (Howell 1989, fig. 4 ). Four of these segments were also highly conserved in the six pair-wise comparisons with the chloroplast cytochrome b6 proteins (Howell 1989,
fig. 5).
My second point comes from a consideration of the comparison of the honeybee and spinach sequences ( fig. 1) : there are marked differences in this plot, beyond an overall lower amino acid sequence similarity, relative to the mouse/honeybee comparison. First, peak 2 is split into two different peaks, and there is an additional peak now present between the second and third. Second, peaks 5 and 6 have sequenceconservation scores that barely exceed the mean value. Most important, however, peak 8 is no longer present. In the chloroplast genome, there are two genes that encode the two cytochrome be and 17-kD subunit IV proteins, which together function as cytochrome b. The C-terminal region of the chloroplast 17-kD protein shows a marked sequence divergence from the corresponding region of mitochondrial type cytochrome b proteins, and no such pairwise comparison will yield an eighth peak. The point is this: Crozier and Crozier show only one comparison of cytochrome b proteins from two species that are relatively close phylogenetically. My conclusion that there were five conserved segments or regions was based on 12 pairwise comparisons that involved cytochrome b proteins that represented much more evolutionarily diverse species. The main conclusion from my original study was that four protein segments constituting the extramembrane loops on one side of the membrane (deduced to be the proton-output side) showed the greatest degree of amino acid conservation during evolution (Howell 1989, fig. 6 ). I concluded that these segments contribute structurally to the Q. or quinol-oxidizing site. The marked sequence conservation is understandable, as the Q,, site has structural and functional interactions with the Rieske iron-sulfur protein. A fifth segment, including residues in the first transmembrane helix and probably involved in forming the Qi or quinone-reducing site, was highly conserved in mitochondrial cytochrome b proteins but not in those from chloroplasts or trypanosome kinetoplasts. In contrast, the transmembrane helices-including the two that ligate the two heme prosthetic groups-were not highly conserved (Howell 1989) . This last finding is compatible with a recent model for electron-transfer proteins (Moser et al. 1992 ) , in which the role of the protein for long-distance electron transfer through a membrane is to establish both a uniform electronic barrier to tunneling and a uniform nuclear frequency. Extending this model, I would contend that evolutionary selection acts to maintain the overall chemical composition of the barrier, rather than on the retention of specific residues. There is nothing in the report by Crozier and Crozieror in any other publication of which I am aware-that challenges my original conclusions.
The studies of cytochrome b protein evolution indicate that, in general, the same regions of the protein are conserved, irrespective of the phylogenetic distance between the pair of sequences that are compared (Howell 1989 ) . However, there are relatively few unvaried residues in this protein, and, as phylogenetic distance increases, the absolute degree of conservation decreases, even for the most conserved regions. This pattern extends the concept of French and Robson ( 1983)-i.e., that the properties (degree of hydrophobicity, backbone conformational preferences, and side-chain volume) of amino acids that tend to be conserved during evolution are continuous.
As a result, classification of amino acid substitutions as conservative cannot be made on an absolute scale. The same concept applies to regions or segments of proteins, but I have suggested one approach whereby the highly conserved (or diverged) regions can be specified.
